Introductions {#Sec1}
=============

At the end of 2019, several cases of pneumonia with unknown etiology emerged in Wuhan, Hubei Province, China \[[@CR1]--[@CR3]\]. The pneumonia spread quickly to other provinces of China and overseas. At early stage, it was reported that most patients had the contact history with Huanan seafood market \[[@CR1]--[@CR3]\]. After that, more and more patients had fever and cough symptoms. On 7 January 2020, a novel coronavirus was identified in the throat swab sample of one patient by the Chinese Center for Disease Control and Prevention (CDC), and was subsequently named as 2019­nCoV by World Health Organization (WHO) \[[@CR1], [@CR2]\]. As the situation got worse, the WHO declared the outbreak as the public health emergency of international concern (PHEIC) \[[@CR4]\]. On 11 February 2020, the International Committee on Taxonomy of Viruses renamed the virus as severe acute respiratory syndrome coronaviruse-2(SARS-CoV-2) \[[@CR5]\]. And WHO announced the epidemic disease caused by SARS-CoV-2 as coronavirus disease 2019 (COVID-19) \[[@CR6]\].

This is the third coronavirus pneumonia in the past 20 years around the world. In November 2002, a novel betacoronavirus called severe acute respiratory syndrome coronavirus (SARS-CoV) emerged in Guangdong, China, and resulted in more than 8000 infections and 774 deaths in 37 countries. In 2012, Middle East respiratory syndrome coronavirus (MERS-CoV), which was first detected in Saudi Arabia, affected 2494 individuals and caused 858 fatalities \[[@CR7], [@CR8]\]. After the outbreak of COVID-19, the Chinese government has initiated a level-1 public health response to prevent the spread of the disease on 26 January 2020 \[[@CR9]\]. As of 24:00 on 3 March 2020 (Beijing time), the SARS-CoV-2 has resulted in 80,270 laboratory and clinical confirmed cases in the mainland of China, and 2981 patient deaths \[[@CR10]\].

Currently, there are many studies of SARS-CoV-2 and COVID-19. This review makes a comprehensive introduction about this disease, including the genome structure and receptor of SARS-CoV-2, epidemiology, clinical features, diagnosis, treatment, and prognosis of COVID-19. We hope our work can provide more information in understanding this disease, and more research findings are needed to help to limit spread of the disease and to invent vaccine and specific drugs.

The genome structure and receptor of human cells of SARS-CoV-2 {#Sec2}
==============================================================

Coronaviruses are the largest, enveloped, single-stranded positive-sense RNA viruses, including 4 genera: Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and Deltacoronavirus. Alpha- and Betacoronaviruses mainly infect mammals; the rest of two primarily infect birds \[[@CR11], [@CR12]\]. Seven coronaviruses that related to human disease had been identified \[[@CR12]\]. Four human coronaviruses (HCoV 229E, NL63, OC43, and HKU1) had been endemic globally and just resulted in upper respiratory tract infections in adults. The SARS-CoV, MERS-CoV, and SARS-CoV-2 are the most severe type that can lead to lower respiratory tract infections \[[@CR11], [@CR13]\] and acute respiratory distress syndrome (ARDS), which can cause patient deaths. At first, Wei et al. \[[@CR14]\] found that the virus appeared to be recombinant by a codon usage analyses. However, this opinion was rejected by Paraskevis's full-genome evolutionary analysis and Chen's simplot analysis \[[@CR14], [@CR15]\]. Currently, the SARS-CoV-2 was found to be a novel positive-sense RNA virus, which belonged to the Betacoronavirus genus in the *Coronaviridae* family \[[@CR7], [@CR15], [@CR16]\]. Similar to the SARS-CoV and MERS-CoV, the SARS-CoV-2 genome contains two untranslated regions (UTRs): 5′-cap structure and 3′-poly-A tail, and a single open reading frame (ORF) encoding a polyprotein \[[@CR16], [@CR17]\]. The SARS-CoV-2 genome is ordered by 5′- the viral replicase (ORF 1a and ORF1b)-structural proteins \[Spike(S)-Envelope(E)-Membrane (M)-Nucleocapsid(N)\]-3′; some genes of accessory proteins, such as ORF 3a, 7, and 8, are inserted in genes of structural proteins \[[@CR7], [@CR15]--[@CR19]\]. Figure [1](#Fig1){ref-type="fig"} shows the genome structure of SARS-CoV-2 in different studies. In the genome of coronaviruses, the gene of ORF1a and ORF1b occupies about two thirds of the overall genome, encoding 16 non-structural proteins (nsps), while the remaining one-third encodes accessory proteins and structural proteins \[[@CR12], [@CR16]\]. As shown in Fig. [1](#Fig1){ref-type="fig"}, there are some slight differences in the reported genome structure, mainly in accessory proteins \[[@CR7], [@CR12], [@CR15], [@CR17]--[@CR19]\]. For example, the significant difference of two accessory proteins (ORF3b and ORF8) on the gene sequence between SARS-CoV-2 and SARS-CoV was reported by several studies \[[@CR12], [@CR16]\]. Using the different genome sequences as comparison can partly account for the results. As for the novel proteins of SARS-CoV-2, whether involving in pathogenesis of the virus or not is unclear.Fig. 1Genome organization of SARS-CoV-2 in different studies \[[@CR7], [@CR12], [@CR15], [@CR17]--[@CR19]\]. ORF = open reading frame (orange). Structural proteins including S, E, M, N (blue) (S = spike, E = envelope, M = membrane, *N* = nucleocapsid). Accessory proteins including 3, 3a, 3b, 6, 7, 8, 9a, 9b, 10b, 13, 14 (purple). SP = signal peptide. S1 = subunit 1. S2 = subunit 2. NTD = N-terminal domain. RBD = receptor binding domain. ESD = external subdomain. FP = fusion peptide. HR1 = heptad repeat 1. HR2 = heptad repeat 2. TM = transmembrane domain. CP = cytoplasmic domain. The length of genes is not drawn in scale

Inspired by the pathogenesis of SARS-CoV, the SARS-CoV-2 was presumed to infect the human cells by spike glycoprotein binding to its cellular receptor, angiotensin-converting enzyme 2 (ACE2). In fact, current evidence supports this idea. As for the spike protein of SARS-CoV-2, it contains two regions, S1 subunit and S2 subunit, which consists of 1253 amino acids \[[@CR20]\]. The amino acid identity of spike protein between SARS-CoV-2 and SARS-CoV was about 75% \[[@CR21], [@CR22]\]. Generally, S1 domain is linked to receptor binding; S2 domain is linked to cell membrane fusion. Similar to SARS-CoV, S1 contains the N-terminal domain (NTD) and a receptor-binding domain (RBD) which contains core domain and external subdomain (ESD). S2 contains three functional domains, fusion peptide (FP), and heptad repeat (HR) 1 and 2 (Fig. [1](#Fig1){ref-type="fig"}). Whether SARS-CoV-2 can combine with host cells or not is determined by the affinity between the viral RBD and ACE2 of human cells \[[@CR22]\]. Once RBD binds to the receptor, the S2 changes conformation to facilitate the membrane fusion by three functional domains. Although SARS-CoV is not the closest to SARS-CoV-2 at the whole-genome level, the RBD of SARS-CoV-2 is closer to that of SARS-CoV, and 72--74.9% amino acid sequences of RBD in both are identical \[[@CR7], [@CR19], [@CR23]\]. Several critical residues in SARS-CoV-2 RBD have good interactions with human ACE2. Most residues of RBD interacting with ACE2 are fully conserved \[[@CR22], [@CR24]\]. As for function domains of S2, there is no difference between SARS-CoV-2 and SARS-CoV except some non-critical amino acids in HR1 region \[[@CR22]\]. Another strong piece of evidence supporting ACE2 as a receptor of cells is that HR1 and HR2 domain of SARS-CoV-2 can fuse with each other to form 6-HB following SARS-CoV's fusion mechanism \[[@CR25]\]. Despite this, several studies speculated SARS-CoV-2 has less affinity with ACE2 than SARS-CoV \[[@CR20], [@CR21], [@CR26]\]. On the contrary, Chen et al. \[[@CR23]\] reported SARS-CoV-2 provided a stronger interaction with ACE2 than SARS-CoV by structure analysis of the receptor binding of SARS-CoV-2. By elucidating cryo-EM structure of SARS-CoV-2 spike protein, Wrapp et al. \[[@CR27]\] also found that compared with SARS-CoV, SARS-CoV-2 bound to ACE2 with 10- to 20-fold higher affinity. In order to identify the suppose of entering cellular by ACE2, Peng et al. \[[@CR28]\] found that SARS-CoV-2 was able to use ACE2 protein of many kinds of cells, including human cells, as an entry receptor in the ACE2-expressing cells, but not cells without ACE2. It also could not use aminopeptidase N and dipeptidyl peptidase which are other coronaviruses' receptors. In most recent studies, the results provided direct evidence to support ACE2 as the receptor. Yan et al. \[[@CR29]\] reported the ACE2-B^0^AT1 (a neutral amino acid transporter) complex can combine with two spike proteins by structural modeling in a structure analysis of full-length human ACE2, and the extracellular peptidase domain (PD) of ACE2 has the direct interaction with polar residues of RBD \[[@CR29], [@CR30]\].

Overall, there is sufficient evidence to support that SARS-CoV-2 infects cells by using the human ACE2. As the cryo-EM structure of spike protein and human ACE2 were revealed successfully, we have more opportunity to clarify the detailed process of entering cells \[[@CR27], [@CR29], [@CR30]\].

Epidemiology of COVID-19 {#Sec3}
========================

In early studies, 49--66% patients had the contact history of Huanan seafood market, where various kinds of living wild animals were on sale, including poultry, bats, and marmots \[[@CR1], [@CR2], [@CR31]\]. It is currently speculated that the outbreak of COVID-19 in Wuhan is associated with wild animals. According to WHO, the environmental samples taken from Huanan seafood market were tested positive for SARS-CoV-2 \[[@CR21]\], but the specific animals associated with the virus have not been identified. Based on previous evidence, the bats, the host of more than 30 coronaviruses \[[@CR32]\], may be the origin of COVID-19. The bats are the natural reservoir of SARS-CoV and MERS-CoV, and spread to human through the palm civets and dromedary camels, respectively \[[@CR8]\]. The RaTG13, which is a short RNA-dependent RNA polymerase (RdRp) region from a bat coronavirus, was closest to SARS-CoV-2 with 96.2--98.7% identity in whole-genome sequence \[[@CR11], [@CR15], [@CR16], [@CR28]\]. The other two bat-derived SARS-like coronaviruses, bat-SL-CoVZXC21 and bat-SL-CoVZC45, were closer to SARS-CoV-2 than SARS-CoV and MERS-CoV, which have approximately 88% nucleotide identity \[[@CR7], [@CR15]--[@CR18]\]. As for the intermediate hosts of SARS-CoV-2, recent studies suggested pangolins were the most probable animal. Two sub-lineages of SARS-CoV-2 were found in organs of pangolins obtained from anti-smuggling activities in Guangdong and Guangxi Province of China by metagenomic sequence \[[@CR33]\]. Xiao et al. \[[@CR34]\] reported the SARS-CoV-2 was derived from the reorganization of pangolin-CoV-like virus and a Bat-CoV-RaTG13-like virus. However, the pangolin may not be the only intermediate reservoir, because SARS-CoV-2 was not originated from pangolin-CoV-like virus directly, which was demonstrated by the molecular and phylogenetic analyses in Liu's study \[[@CR35]\].

To sum up, the bats are the most probable original reservoir based on the current evidence. However, it is notable that Wuhan Huanan seafood market may not be the only source of SARS-CoV-2 spreading globally. Cohen pointed out Wuhan Huanan seafood market was not the only origin of SARS-CoV-2 by analyzing the epidemiology of 41 cases in the earliest study \[[@CR36]\] . Pangolins may act as one of intermediate hosts. More work is needed to provide more precise information about original reservoir and intermediate hosts of SARS-CoV-2. Table [1](#Tab1){ref-type="table"} lists some information of studies about the genome sequence identity with SARS-CoV-2.Table 1Genome identity between SARS-CoV-2 and other bat-like coronavirusStudySample sizeSequence identity of sample (%)Source of sampleHuanan seafood marketLung lesionApproachGenome lengthType of coronavirusGene sequence identity (%)RdRp gene\*bat-SL-CoV ZC45bat-SL-CoV ZXC21SARS-CoVMERS-CoVLu \[[@CR7]\]^a^9\> 99.98BALF or throat swabs8/9YesNGS-β-Cov-87.9987.2379.050.0Wu \[[@CR12]\]3Almost identityObtain from ViPR and NCBI\--In-depth genome annotation29.8 kbβ-Cov-CloserCloser-DistantD. Paraskevis \[[@CR15]\]1-Downloaded from NCBI\--NGS-β-Cov96.3\-\-\--Chen \[[@CR16]\]2-BALF2/2YesmNGS29,881ntβ-Cov98.787.987.979.7-Chan \[[@CR17]\]1-Obtain from GenBank\--Phylogenetic analysis29,891ntβ-Cov-89.089.082.0-Chan \[[@CR18]\]699.99Respiratory samples0/5YesRT-PCR sequence29.8 kbβ-Cov-89.0\-\--Wu \[[@CR19]\]1-BALF1/1YesmNGS29,903 ntβ-Cov-89.1\-\--Zhou \[[@CR28]\]^a^799.9BALF6/7YesmNGS29.9Kbβ-Cov96.288.188.079.5-\[[@CR7]\]^a^Eight complete and two partial genome sequences of SARS-CoV-2 were obtained. \[[@CR28]\]^a^Five samples were tested positive for SARS-CoV-2. *RdRp gene*\*, RNA-dependent RNA polymerase gene; *CoV*, coronavirus; *SARS*, severe acute respiratory syndrome; *MERS*, Middle East respiratory syndrome; *nt*, nucleotide; *kb* = kilobase; *BALF*, bronchoalveolar lavage fluid; *mNGS*, metagenomic next-generation sequencing testing; *NCBI*, National Center for Biotechnology Information; *ViPR*, virus pathogen database and analysis resource

Transmissibility is an important factor of an epidemic \[[@CR37]\]. Data as reported by 10 AM CET on 3 March 2020, SARS-CoV-2 has been responsible for 90,870 confirmed cases with 3112 (3.4%) deaths around the world \[[@CR38]\]. The reported median age of patients was ranged from 41 to 57 years \[[@CR1], [@CR2], [@CR39]\]. Male made up the majority of patients with the proportion of 50--75% \[[@CR1]--[@CR3], [@CR39]\]. Due to different data sources, the infection rate of medical staff has a huge difference, with 2.1--29% \[[@CR3], [@CR40]\]. Approximately 25.2--50.5% SARS-CoV-2infected patients had one or more underlying diseases (Table [2](#Tab2){ref-type="table"}), including hypertension, diabetes, chronic obstructive pulmonary disease, cardiovascular disease, and malignancy \[[@CR1]--[@CR3], [@CR39], [@CR41]\]. The COVID-19's median incubation period from exposure to illness onset was 3.0 days in a 1099-case cohort and 4.0 days in a 62-case cohort \[[@CR39], [@CR41]\]. It was also reported the longest incubation period was 24 days \[[@CR41]\]. The percentage of patients exposed to Huanan seafood market varies between 8.7% and 66% \[[@CR1]--[@CR3], [@CR42]\]. Patients with no contact history of Huanan seafood market and medical staff infection \[[@CR18], [@CR21], [@CR43]\] indicated human-to-human transmission mainly via droplets from coughing or sneezing or direct contact \[[@CR18], [@CR44]--[@CR47]\]. In addition, several studies reported fecal-mouth pathway may also be a potential way for the transmission of SARS-CoV-2 \[[@CR23], [@CR48]\], and the SARS-CoV-2 was also isolated from urine of a patient in a recent new \[[@CR49]\]. But it is unclear whether human-to-human transmission can be implemented by the above routes.Table 2Clinical and laboratory findings of patients with SARS-CoV-2 infection \[[@CR1]--[@CR3], [@CR39], [@CR41]\]**Common symptomsLaboratory findings**  Fever77.4--98.6%Lymphopenia35.3--82.1%  Cough59.4--81.8%Thrombocytopenia5.0--36.2%  Fatigue38.1--69.6%Leukopenia9.1--33.7%  Dyspnea3.2--55.0%Increased CRP60.7--86.3%  Myalgia11.1--34.8%Increased [d]{.smallcaps}-dimer36.4--46.4%  Sputum production28.2--56.5%Increased LDH27.4--75.8%  Headache6.5--33.9%Increased CK8.0--32.5%**Underlying diseases**25.2--50.5%Prolonged prothrombin time58.0%**Complication**Increased ALT16.1--28.3%  ARDS3.4--29.3%Increased AST22.2--36.7%  Shock1.0--8.7%Increased interleulin-651.5%  Acute renal injury0.5--7.3%Increased serum fenitin62.6%  Acute cardiac injury7.2--12.2%Increased ESR84.8%  Secondary infections9.8%Increased procalcitonin5.5--11.3%Increased troponin I12.2%Increased creatinine1.9--9.8%*ARDS*, acute respiratory distress syndrome; *CRP*, C-reactive protein; *LDH*, lactose dehydrogenase; *CK*, creatinine kinase; *ALT*, alanine aminotransferase; *AST*, aspartate aminotransferase; *ESR*, erythrocyte sedimentation rate

The basic reproduction number R0, the important property of transmission, is commonly used to estimate the average number of secondary cases generated by an infectious case in a fully susceptible population during the early phase of the outbreak \[[@CR37], [@CR50]\]. If the R0 is more than 1, human-to-human transmission may persist. A range from 1.4 to 6.49 of R0 was estimated by various methods \[[@CR44], [@CR51]--[@CR53]\]. The different values of estimated R0 can attribute to different data and different modeling methods \[[@CR53]\]. Liu et al. \[[@CR53]\] came to conclusion that the average of estimate R0 was 3.28 with a median of 2.79 by an analysis of 12 studies. So, around 2--3 is indeed a reliable range, suggesting the potential of sustained human-to-human transmission \[[@CR50], [@CR53]\]. Additionally, so many factors can affect the value of R0, including estimation period, utilized models, and datasets \[[@CR54]\]. As various aspects of measures have taken effect, the estimated R0 is mutable. As David said, it is impossible to know what will happen so early in this SARS-CoV-2 epidemic \[[@CR37]\]. The initial R0 estimation for SARS-CoV was more than 2.0, but the predicted large outbreak did not occur \[[@CR8], [@CR37]\]. It is also notable that asymptomatic patients can also be a source of infection \[[@CR43], [@CR48]\]. The super communicator is worthy of notice, who can infect more than 100 individuals \[[@CR52]\]. The immediate priority is to clarify all potential routes of transmission. After all, superspreading has a huge impact on the epidemic. Anyway, it is necessary for us to take effective measures and keep alert to control the epidemic. Fortunately, the number of confirmed cases maintains at a lower level in mainland of China with 119 confirmed cases on 3 March 2020 \[[@CR10]\]. At this critical period, it is apparently wise to continue taking steps to control the outbreak.

Clinical features and diagnosis {#Sec4}
===============================

Clinical manifestations {#Sec5}
-----------------------

The clinical manifestations of SARS-CoV-2-infected patients ranged from mild non-specific symptoms to severe pneumonia with organ function damage. The common symptoms were fever (77.4--98.6%), cough (59.4--81.8%), fatigue (38.1--69.6%), dyspnea (3.2--55.0%), myalgia (11.1--34.8%), sputum production (28.2--56.5%), and headache (6.5--33.9%) \[[@CR1]--[@CR3], [@CR39], [@CR41]\] (Table [2](#Tab2){ref-type="table"}). Sore throat, rhinorrhea, chest pain, hemoptysis, conjunctival congestion, diarrhea, nausea, and vomiting were less common \[[@CR1]--[@CR3], [@CR39], [@CR41]\]. But one study showed 39.6% of 140 confirmed COVID-19 patients had gastrointestinal symptoms \[[@CR40]\], and 10.1% patients presented with gastrointestinal discomfort at onset in Wang's study \[[@CR3]\]. Patients did not necessarily have fever at onset, some patients developed after hospitalization \[[@CR41]\], and some severe patients even did not have fever. SARS-CoV-2, SARS-CoV, and MERS-CoV infections share many similar clinical symptoms \[[@CR8]\], including fever, cough, myalgia, and dyspnea. However, patients with SARS and MERS have more gastrointestinal involvement (about one-third) than COVID-19 patients \[[@CR55]\]. And MERS has a high incidence of renal failure, which is a typical characteristic not often found in other human coronavirus infections \[[@CR56], [@CR57]\].

Laboratory and radiologic characteristics {#Sec6}
-----------------------------------------

Of confirmed patients, 35.3--82.1%, 5.0--36.2%, and 9.1--33.7% had lymphopenia, thrombocytopenia, and leukopenia, respectively \[[@CR1]--[@CR3], [@CR39], [@CR41]\] (Table [2](#Tab2){ref-type="table"}). C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), serum ferritin, and interleukin-6 (IL6) elevated prominently in Chen's research \[[@CR2]\]. Many patients also had increased levels of [d]{.smallcaps}-dimer, lactate dehydrogenase (LDH), creatine kinase (CK), prolonged prothrombin time, alanine aminotransferase (ALT), and aspartate aminotransferase (AST) \[[@CR1]--[@CR3], [@CR39], [@CR41], [@CR58]\]. However, elevated levels of procalcitonin, troponin I, and creatinine were uncommon \[[@CR1], [@CR39], [@CR41]\].

The typical imaging features of chest computed tomography (CT) for novel coronavirus pneumonia (NCP) included ground-glass opacity, bilateral patchy shadows, and subsegmental areas of consolidation, sometimes with a rounded morphology and a peripheral lung distribution \[[@CR1]--[@CR3], [@CR40], [@CR41], [@CR59]\]. Changes in the disease were accompanied by changes in CT imaging, reflecting the severity of the disease \[[@CR58]\]. Pan et al. \[[@CR60]\] analyzed 21 NCP patients from initial diagnosis until recovery (without severe respiratory distress during a hospital stay), and they found chest CT scan showed that the lung abnormalities were the most severe about 10 days after the initial symptoms onset. Overall, the CT manifestations of NCP were diverse and fast-changing \[[@CR61]\]. However, a normal chest CT image cannot exclude the diagnosis of SARS-CoV-2 infection \[[@CR62]\].

Pathological finding {#Sec7}
--------------------

By obtaining biopsy samples at autopsy of one COVID-19 patient \[[@CR63]\], the lung biopsy specimens showed bilateral diffuse alveolar damage with cellular fibromyxoid exudates. Bilateral lung tissue indicated pulmonary edema with hyaline membrane formation, reflecting ARDS. Meanwhile, flow cytometric analysis of peripheral blood suggested the reduced counts of peripheral CD4 and CD8 T cells but a hyperactivated status. A report on systemic anatomy at autopsy from the other patient \[[@CR64]\] indicated gray white patchy lesions in lungs, gray white viscous fluid overflow in the lung section, and pulmonary fiber bands, reflecting that COVID-19 caused an inflammatory response characterized by deep airway and alveolar damage. The pathological results of the first one resembled those seen in SARS-CoV and MERS-CoV infection \[[@CR63]\]. However, the latter found pulmonary fibrosis and consolidation were less severe than SARS, but exudation was more obvious \[[@CR64]\]. These findings, with more pathological research, will make a great importance in understanding the pathogenesis and making therapeutic strategy for COVID-19.

Diagnosis {#Sec8}
---------

The COVID-19 patients around the world were diagnosed based on World Health Organization interim guidance \[[@CR65]\], and China updated the novel coronavirus pneumonia diagnosis and treatment program (trial version) (in Chinese) according to epidemic situation and improved awareness of disease. A laboratory confirmed case with SARS-CoV-2 infection was defined as a positive result to high-throughput sequencing or real-time reverse-transcriptase polymerase-chain-reaction (RT-PCR) assay for SARS-CoV-2 \[[@CR65], [@CR66]\]. Chest CT, as a diagnostic method for COVID-19 with a high sensitivity, is being given more important value for diagnosis \[[@CR67]\]. In the fifth trial version of novel coronavirus pneumonia diagnosis and treatment program (in Chinese) \[[@CR68]\], clinical diagnosis was proposed for cases in Hubei Province, who had epidemiology history, the above clinical features along with typical chest CT imaging. And more than 10,000 patients for clinical diagnosis got early treatment \[[@CR69]\]. The sixth trial version (in Chinese) removed the clinical diagnosis, for reduced suspected cases and improved nucleic acid detection capability \[[@CR66]\].

Treatment {#Sec9}
=========

In several clinical studies of confirmed cases, strategies for COVID-19 patients included antiviral treatment, empirical antibiotic treatment, corticosteroid, intravenous immunoglobulin therapy, oxygen support (nasal cannula, mask oxygen inhalation, non-invasive ventilation, invasive mechanical ventilation), continuous renal replacement therapy (CRRT), and extracorporeal membrane oxygenation (ECMO) \[[@CR1]--[@CR3], [@CR39], [@CR41]\].

Due to the absence of clinical evidence, there were no approved drugs for antiviral therapy against SARS-CoV-2. Of three clinical cohort studies, oseltamivir was used for antiviral therapy in 35.8% (393/1099) patients, 89.9% (124/138) patients, and 92.7% (38/41) patients, respectively \[[@CR1], [@CR2], [@CR41]\]. Another research \[[@CR2]\] included 99 COVID-19 patients, in which 76.0% patients received antiviral treatment, including oseltamivir, ganciclovir, and lopinavir and ritonavir tablets, and the duration of antiviral treatment was 3--14 days. Though oseltamivir had high application rate in the early cohort studies, its drug efficacy on COVID-19 was not obvious, and the sixth trial version of novel coronavirus pneumonia diagnosis and treatment program (in Chinese) did not recommend it \[[@CR66]\]. Case report implied that lopinavir and ritonavir therapy may be beneficial for COVID-19 cases \[[@CR70], [@CR71]\]. Remdesivir, a nucleotide analogue RNA polymerase inhibitor with broad-spectrum antiviral activity, was demonstrated that it could be against Ebola virus in rhesus monkeys \[[@CR72]\]. Wang et al. \[[@CR73]\] found that remdesivir and chloroquine were highly effective in the control of SARS-CoV-2 infection in vitro. What's more, the first reported COVID-19 case of the USA was cured by intravenous remdesivir \[[@CR58]\] and other supportive care. More researches from cells, animals, and clinical need to explore the effect of remdesivir on SARS-CoV-2. Other methods of antiviral drug administration may also have some certain function. It was reported that different combinations of interferon alpha inhalation, lopinavir/ritonavir, and arbidol may have some effects \[[@CR39]\]. Furthermore, combined Chinese and Western medicine treatment, including lopinavir/ritonavir, arbidol, and Shufeng Jiedu Capsule (a traditional Chinese medicine) may also be beneficial to treatment which deserved further study \[[@CR74]\].

As for the corticosteroid therapy for SARS-CoV-2, current interim guidance from WHO on clinical management of severe acute respiratory infection, when SARS-CoV-2 infection is suspected (released Jan 28, 2020), suggests not routinely using systemic corticosteroids unless indicated for another reason \[[@CR65]\], and there were contradictory opinions from professors \[[@CR75], [@CR76]\]. Corticosteroid therapy was used in approximately 20--44.9% COVID-19 patients \[[@CR1]--[@CR3], [@CR39], [@CR41]\]. Compared with non-severe patients, severe patients got more corticosteroid therapy (44.5% vs. 13.7%) with the median of maximal daily dose up to 30.0 (1.0--40.0) (mg/kg) \[[@CR41]\]. According to pathological findings of one COVID-19 patient, proper use of corticosteroid together with other support care should be considered for the severe patients to prevent ARDS development \[[@CR63]\].

There are more than 80 running or pending clinical trials on potential treatments for COVID-19 in China \[[@CR77]\]. Studies of recombinant human angiotensin-converting enzyme 2 (rhACE2), mesenchymal stem cell, PD-1 blocking antibody, bevacizumab injection, and immunoglobulin of cured patients are registered in the website of Clinical Trial \[[@CR78]\], and some are recruiting patients. Safe and effective clinical trials will find more therapeutic possibilities for COVID-19 patients.

Prognosis {#Sec10}
=========

Many patients infected withSARS-CoV-2, especially for severe patients, had complications (Table [2](#Tab2){ref-type="table"}), including ARDS, shock, acute renal injury, acute cardiac injury, and secondary infection \[[@CR1]--[@CR3], [@CR41]\].

The mortality rate of COVID-19 ranged from 0 to 14.6% \[[@CR1]--[@CR3], [@CR39], [@CR41], [@CR79]\]. However, Yang et al. \[[@CR42]\] reported 32 of 52 (61.5%) critically ill adult ICU patients had died at 28 days. It is not hard to know the disease severity is an independent predictor of poor prognosis \[[@CR41], [@CR42]\]. Compared with non-ICU patients, the ICU patients were older with a greater number of comorbid conditions and had more common symptoms of dyspnea, abdominal pain, and anorexia \[[@CR3]\]. Meanwhile, it was reported that ICU patients had higher plasma cytokine and chemokine levels of IL2, IL7, IL10, GSCF, IP10, MCP1, MIP1A, and TNFα \[[@CR1]\]. Non-survivors had more severe lymphopenia and higher blood cell counts, neutrophil counts, [d]{.smallcaps}-dimer and fibrin degradation product than survivors \[[@CR3], [@CR63]\]. Wang et al. \[[@CR80]\] analyzed the first 17 deaths up to 22 January 2020, announced by The China National Health Commission found that the median days from first symptom to death were 14.0 (range 6--41) days, and seemed to be shorter among old people \[[@CR80]\]. In Yang's study \[[@CR42]\], the survival time of the non-survivors is likely to be within 1--2 weeks after ICU admission.

In summary, severe patients or ICU patients have a relatively higher mortality \[[@CR41], [@CR42]\]. Age, comorbidity, some symptoms (dyspnea, abdominal pain, etc.), and more prominent laboratory abnormalities (lymphopenia, elevated [d]{.smallcaps}-dimer, etc.) may be risk factors for poor outcome \[[@CR3], [@CR40], [@CR42], [@CR80]\].

According to the latest data released at 24:00 on 3 March 2020 (Beijing time), the fatality is 3.7% and 4.6% for the mainland of China and Wuhan, Hubei Province, respectively \[[@CR10]\]. Overall, SARS-CoV-2 has a relatively lower mortality rate than SARS-CoV and MERS-CoV (9.6% and 40.0%, respectively) \[[@CR55]\].

Conclusion {#Sec11}
==========

COVID-19 has spread to 73 countries, territories, or areas around the world, and is responsible for 90,870 patients as of 10 AM CET on 3 March 2020. The virus may be related to bats, but Wuhan Huanan seafood market may not be its sole origin. Whatever the case, banning of wildlife sales and removing them from wet markets are beneficial to control the epidemic. Except several genes of accessory proteins, SARS-CoV-2 is almost identical to SARS-CoV in genome organization. Hence, we obtain the fact that ACE2 is the receptor of SARS-CoV-2 entering cells. Human to human transmission can be realized mainly by droplets from coughing or sneezing or direct contact. Fever and cough are the main symptoms. Chest CT examination is an important tool for diagnosis, and confirmed cases are diagnosed by detecting SARS-CoV-2 of specimens taken from the upper respiratory tract and lower respiratory tract. As for the treatment, there are no specific drugs for the infection, and many therapies, with preliminary good clinical response, are being tested in clinical trials. We hope that increased awareness of the virus and ongoing clinical trials can help to find effective treatment against SARS-CoV-2. Though the fatality of SARS-CoV-2 is lower than SARS-CoV and MERS-CoV, the overall mortality of SARS-CoV-2 remains to be established in the future, because a large number of confirmed and suspected cases are still in hospital; even worse, the confirmed cases are increasing in other countries, like Korea and Japan. Further study is necessary for us to control this epidemic disease.
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